Leaves and storage roots of sweet potato plants (Ipomea batatas) showed the same qualitative isoperoxidase patterns and a similar distribution of distinctive isoperoxidases between the cell protoplast and cell wall free, ionically bound, and covalently bound fractions. No changes in the qualitative isoenzyme spectrum were found in relation to age, mechanical injury, or ethylene action. Thus, as in tobacco plants, the cell isoperoxidases in sweet potato did not reflect the possible differential mRNA synthesis in relation to organ, age, or injury. Transcription does not seem to be a limiting factor in injury-and ethylene-dependent peroxidase enhancement during the first 24 hr.
greatly promoted some of the injury-unaffected or enhanced isoperoxidases. After ethylene removal, an increase in the "mature" isoforms was found in the protoplast of intact leaves.
Electron microscopy of leaves revealed peroxidase in membrane-bound vesicles located mainly in the vacuole; a thin layer of reaction products was also found on the wall's outer surface. No Golgi apparatus were seen in the ceUs of control or ethylene-treated intact leaves. In ethylenetreated intact or injured leaves accumulations of reaction products between the plasmalemma and wall were also found. Numerous Golgi apparatus with dark stained vesicles were seen in injured, and especially in injured and ethylene-treated leaves; the vacuolar bodies seemed to occur in very great number.
Previous investigation (2) (3) (4) has shown that sweet potato storage roots differ significantly from tobacco pith and leaves and carrot roots in the peroxidase reaction to mechanical injury, C2H4, IAA, and actinomycin D. However, like tobacco tissues, sweet potato root isoperoxidases were distinctive in their distribution between cell wall and protoplast fractions as well as in their reaction to cut injury. The root isoperoxidases were also distinctive in their reaction to C2H4. This report deals mainly with age-, mechanical injury-, and C2H4-related changes in cell peroxidase of sweet potato leaves.
MATERIALS AND METHODS
Healthy storage roots of Ipomea batatas were purchased locally. Plants grown from several buds of single roots, with 2 to 3 or 7 to 8 shoots, were used in each experiment, especially in experiments in which leaf isoperoxidases were compared to the root isoenzymes.
Mechanical injury was induced in the 3rd to 4th (lower) and 9th to 12th (upper) leaves in two ways: (a) by excising discs 5 to 7 mm in diameter; the discs were exposed to air in the presence or absence of 250 mm Hg2 (C104)2 or to ethylene (50 ,ul/l) in 750-ml air-tight Plexiglas boxes for 24 hr in shade; or (b) by gently rubbing half laminae of leaves, attached to the plants, with Carborundum which then was removed with water; the adjacent half laminae were left untreated. The whole plants or their shoots were placed in 50-liter Plexiglas boxes. Sections of storage roots 10 mm in diameter and 3 mm thick were treated as the leaf discs.
Procedures related to isolation of the protoplast and wall free, ionically bound, and covalently bound peroxidase fractions, were similar to those previously used (3). The protoplast fraction was extracted with 20 mm phosphate buffer, pH 6 . Triton X-100 extracts showed little or no peroxidase activity. The wall debris was treated twice with I M NaCl to isolate the ionically bound fraction. Peroxidase determination, electrophoresis, and isoperoxidase scanning were carried out as previously. In order to prevent gel-overloading with dominant isoperoxidases and to detect minor ones, several dilutions of particular samples were used.
The procedures used in electron microscopy studies were similar to those previously applied to tobacco leaves (4). The discs were incubated with 0.2% diaminobenzoic acid and 0.001, 0.01, or 0. 1% H202 for 60 min in a 0.05 M tris buffer (pH 7.6).
RESULTS
Two and five experiments with roots and leaves, respectively, were carried out; all yielded similar results. Some of the results are here presented. In storage roots, the contribution of the protoplast and wall fractions to the total cell peroxidase activity, and the enzyme reactions to cut injury and C2H4 (Table  I) were similar to those observed in previous experiments (2, 3) .
The activities found in leaves of plants with shoots of various ages were significantly higher than those in storage roots. The older the shoots the higher was the enzyme activity in their leaves; in all cases the total activity in the lower leaves was higher than that in upper ones (Fig. 1) . In young leaves with a low total peroxidase activity, the contribution of the protoplast fraction ranged between 19 and 32%, whereas that of the wall ionically bound fraction ranged between 63 and 59%. With an 74 increase in total activity the share of the protoplast fraction increased to 70 to 80%. A significant increase in the activity of the wall covalently bound fraction was also observed with senescence. The share of the extracted free peroxidase fraction in the walls was not greater than 1% of the protoplast activity.
Mechanical injury caused a significant increase in peroxidase activity, especially in young leaves (Table II) . The increase was observed mainly in the protoplast and ionically bound fractions. In experiments with older plants, the peroxidase reaction to injury was relatively weaker, but its character was similar.
The enzyme reaction to C2H4 or to C2H4 in combination with injury was much stronger than its reaction to injury alone. The largest increases occurred in the protoplast. The enhancement of the protoplast and wall ionically bound fractions in upper leaves, especially in young plants, was significantly greater than that in lower leaves. The wall covalently bound fraction also showed a marked reaction to C2H4 and to C2H4 combined with injury, this reaction being very pronounced in lower leaves.
Electrophoresis revealed the presence of 3 cathodic and 11 anodic bands in the protoplast fraction of the roots and leaves (Fig. 2) . No qualitative differences in the isoperoxidase pattern were found in relation to leaf age or organ. In the wall ionically bound fraction of leaves and roots, cathodic C and five anodic Lower and upper leaves correspond to the 2nd and 3rd and 7th to 10th (expanding) leaves, respectively, on the shoot. The contribution of the free peroxidase fraction in the cell wall of lower leaves was c l1% of the total cell peroxidase activity. Trace activities were found in the free fraction of upper leaves; values above the bars indicate total cell peroxidase activities (100%) -AA/min-g fresh weight.
Table II. Effect of Mechanical Injury and C2H,4 on Peroxidase Activity in Leaves
Half laminae of the 3rd to 4th (lower) or 9th to 12th (upper) leaves, attached to young plants with 2 to 3 shoots, were treated with Carborundum or left intact. From the adjacent half laminae samples were taken immediately before treatment. The whole plants were placed in Plexiglas boxes and exposed for 24 hr to air in the presence of Hg2(CI04)2 or to air with 50 ,1A/I C21H4 added. Laminae discs 6 mm in diameter were cut out with a cork borer from lower and upper leaves of old plants with 7 to 8 shoots and exposed for 24 hr to air in the presence or absence of Hg2(CI04)2 or to air with 50 Ad/I C2H4 added. Trace activities were found in the wall free fraction in the attached upper leaves. In the lower ones, this fraction was <1% of the protoplast activity. 2 Average from control half laminae of four plants. Differences in peroxidase activities between plants ranged from S to 10%.
was released by cellulase and pectinase, contained C I and four anodic bands (Al-A4) also present in the protoplast. In addition, three slowly moving cathodic bands (C,l2) and one anodic tected only using large root samples. The wall free fraction in roots contained A3 and A4; in old leaves, A9 (dominant) was also detected.
In the protoplast fraction of roots and young and old leaves, A4, Al, and A9 were dominant, respectively (Table III) . In roots as well as leaves of both ages, Al in the wall ionically bound fraction and A3-A4 in the covalently bound one were dominant (Tables IV and V) . The wall ionically bound fraction in leaves showed a significantly higher activity of CI, and especially of Al when compared to the protoplast fraction. The activity of A3-A4 in the wall covalently bound fraction was higher than or similar to that in the protoplast fraction.
The greatest age-dependent increase in activity was shown by A9 in the protoplast; smaller increases were also shown by Al in the wall ionically bound fraction and A3-A4 in the wall covalently bound one. No significant age-dependent increases were found in the activity of Cl-C3, A5-A7, and A0O-AI 1.
The isoperoxidases were distinctive in their reaction to mechanical injury and C2H4. In the protoplast of all tissues, C2 showed the greatest increase in activity in response to injury; this increase being partially suppressed by C2H4, especially in leaves. Relatively low activities of C2 were also found in the wall free and ionically bound fractions of injured tissues. Injury strongly enhanced the activity of CI and especially Al in the protoplast fraction of young leaves and storage roots. The greatest increase in these isoforms was found in the wall ioni- cally bound fraction, and no increase was found in the covalently bound one. In the young leaves as well as the roots, injury also enhanced slightly some other isoperoxidases in particular fractions. However, A4, A5, A7 and AIO-AI I did not react to mechanical injury. Six isoperoxidases, Cl, Al, and A8-All reacted to C2H4 most strongly, their increase being found mainly in the protoplast. A large increase of Cl and Al was also observed in the ionically bound fraction; small amounts of A8-AI I in this fraction may be due to artifacts. A8-AI I were also found in the covalently bound one. C2H4 also enhanced the activity of A7 in the protoplast and wall ionically bound fractions and of A4 in the wall covalently bound one.
C2H, in combination with injury induced a smaller increase in the activity of A l and A9 and a greater increase in that of AI1-All in the protoplast. The activity of Al in the ionically bound fraction was higher than in the corresponding fraction of intact ethylene-treated leaves. The activity of the covalently bound AIO-A 1 amounted to 14 to 20% of that in the protoplast. These two isoforms, released by cellulase and pectinase, showed a slightly greater electrophoretic mobility than did the corresponding bands present in the protoplast. A8-A 11 were detected in the wall free fraction of C2H4-treated root sections and leaves.
Intact C2H4-treated leaves did not show significant changes in the activity of the wall peroxidase fractions I and 5 days after the plants were flushed with C2H4-free air and removed from the Plexiglas boxes. The activity of the protoplast fraction in lower and upper leaves increased in this period by 32 and 23%, respectively. In both, a significant increase in the activity of A9 was found. In upper leaves, this increase was accompanied by some decrease in the activities of A8 and A 10-A 1 1; in the lower leaves a slight increase in the activity of C2 was found 5 days after C2H4 removal.
Electron microscopy of upper and lower control leaves revealed reaction product in membrane-bound vesicles located primarily in the vacuole and occasionally in the ground cytoplasm (Fig. 3a) . The vesicles contained both spheres of dense reaction product and a more electron transparent background. There was no apparent spatial relationship between the vesicles and Golgi apparatus. In fact, no Golgi apparatus could be seen in control leaf cells. The cells also had a thin layer of reaction product on the wall outer surface (Fig. 3a) . At the junction between cells, this layer was not in the position of the middle lamella. No specifically localized reaction products could be detected in the walls. The peroxidase layer on the wall outer surface was seen in all treatments.
In mechanically injured upper leaves exposed to air in the presence of mercuric perchlorate, the extracellular peroxidase layer was stained more heavily and in areas of large intercellular spaces there were some aggregations of reaction products. The vacuolar bodies were again present and showed both deep staining and the more electron transparent matrix. In these cells Golgi apparatus were often found, and some of the vesicles contained reaction product.
Like the control, intact leaves treated with C2H4 possessed vacuolar bodies which seemed to occur in a greater number. In addition, spherical or oval accumulations of reaction product were found between the plasmalemma and the cell wall (Fig.  3b) . These aggregations did not have the electron transparent matrix. Golgi apparatus were not seen in the cells of intact C2H4-treated leaves in any experiment.
Numerous Golgi apparatus showing dark reaction product were found in mechanically injured leaves treated with C2H4 (Fig. 3c) . No photographs showed unequivocal fusion of the Golgi vesicles with either the tonoplast or the plasmalemma. The proximity of the Golgi vesicles to either of these membranes and the presence of reaction product nearby in the vacuole or the space between the plasmalemma and the cell wall is suggestive of a possible secretory function of the stained vesicles. The injured C2H4-treated tissues also contained spherical or oval accumulations of reaction product between the plasmalemma and cell walls. The vacuolar bodies seemed to occur in a very great number in this tissue.
When incubated in the presence of 3-amino-1,2,4-triazole, the vacuolar bodies showed a slight decrease in staining, indicating that catalase could have contributed to the formation of the reaction product. In neither treatment did the endoplasmic reticulum show any significant staining.
The described accumulations of reaction products were seen in cells incubated not only with 0.001% but also with 0.01 and 0.1% H202. However, high concentration of H202 affected the ground cytoplasm.
DISCUSSION
The great attention paid to isoforms of various enzymes, including peroxidase, in recent literature is due partially to the fact that isoenzyme expression has been linked very often to differential gene action during cellular differentiation, organism development, injury, or infection (15) .
In a previous study (4) on three tobacco varieties no differences in the qualitative pattern of cell isoperoxidases were found between the stem pith and leaves. Neither were any qualitative differences found in relation to age, mechanical injury, or leaf infection. In this study on sweet potato plants no qualitative differences in the cell isoperoxidase pattern could be found between storage roots and leaves. Neither were any qualitative differences detected in relation to the stem leaf position, age, mechanical injury or C2H4 effects. The two fast moving cathodic isoenzymes (C2-C3) which were not previously detected in roots immediately after excision (2, 4) could be detected in large samples of intact roots; these two isoforms were easily detectable in intact leaves. Thus, at least in the two plant species under consideration, the cell peroxidase patterns do not reflect the possible differential mRNA synthesis in relation to organ, age, or injury. In sweet potato root sections actinomycin D stimulated the activity of injury-and C2H4-dependent peroxidase development (2) , indicating that in both cases the process of transcription was not a limiting factor in the enzyme enhancement.
In tobacco pith or sweet potato roots, cycloheximide had an inhibitory effect on the injury-or injury and C2H4-dependent, respectively, isoperoxidase enhancement, thus indicating that de novo synthesis of the isoenzymes is involved.
Cycloheximide has been considered as a nonspecific inhibitor of protein synthesis in vivo, also affecting other processes in the cells (12) . Thus, the observed inhibitory effect of cycloheximide could be an indirect one related to processes which are triggered by injury, perhaps including the formation of a wound hormone and proteinase inhibitor (8, 14) . A more direct proof of synthesis de novo of isoperoxidases, enhanced by injury and C2H4, was given for sweet potato roots using blasticidin S and '4C-leucine (16) . In injured horseradish roots, cycloheximide inhibited '4C-leucine incorporation into the peptide portion of isoperoxidases, but had little effect on the incorporation of neutral sugars (10) . On the other hand, cycloheximide did not affect the injury-dependent increase of peroxidase activity in carrot roots (2) . Thus, one may assume that in the sweet potato roots and leaves under study synthesis de novo could have taken place.
In TMV-infected and/or injured tobacco leaves, peroxidase was detected in the endoplasmic reticulum, Golgi apparatus, vacuole, cell walls, and intercellular spaces. Secretions of the reaction product by Golgi vesicles into the vacuole and cell wall were also observed, indicating a sequence of glycoenzyme synthesis and transport similar to that observed in mammalian cells as well as recently observed in plant cells (7) . However, neither pith nor leaf isoperoxidases reacted to C2H4 in tobacco plants. Electron microscopy of sweet potato leaves showed a somewhat different picture. There is not doubt that a great portion of the peroxidase of intact and especially injured and/or C2H4-treated cells is located in the vacuole. However, the vacuolar membrane-bound vesicles with reaction product and spherical or oval-shaped accumulations of reaction product between the plasmalemma and the wall of ethylene treated cells were detected in sweet potato leaves, but were not found in tobacco leaves. In C2H4-treated intact leaves, the great enhancement of peroxidase activity was not accompanied by activation of the Golgi apparatus. The latter was observed only in mechanically injured tissues, and especially in tissues which were ininjured and treated with C2H4. If ethylene induced in intact leaves de novo. synthesis of C2H4-sensitive isoperoxidases, Golgi vesicles do not seem to take part in synthesis of the carbohydrate moiety of these glycoenzymes. Chrispeels (5) has proposed that glycosylation of hydroxyproline residues in extension occurs within the cytoplasm, and that the glycoprotein is subsequently transferred to the cell wall by a smooth surfaced membrane, probably the smooth endoplasmic reticulum. It is possible that a similar process took place with regard to some C2H4-enhanced isoperoxidases and their transport into the vacuole and/or cell wall in sweet potato leaves. There is some evidence that peroxidase, at least in horse radish, does not contain hydroxyproline (I1, 17). The great accumulation of peroxidase in the vacuole in C2H4-treated leaves would indicate that this hormone could cause an increase in the permeability of the tonoplast as observed in morning glory flowers (9) , although the effect of C2H4 on membrane permeability is generally considered insignificant (1) .
The electron micrographs as well as the analytical data confirmed our postulation that peroxidase reactions to C2H4 is different from its reaction to injury. In the roots and leaves of sweet potato, C2H4 suppressed some injury-enhanced, had no effect on some other injury-enhanced, and greatly promoted some of the injury-unaffected or enhanced isoperoxidases.
The isoperoxidase distribution among various cell fractions does not seem to be significantly affected by possible extraction artifacts. As in tobacco plants, young leaves of sweet potato showed a relatively low peroxidase activity in the protoplast fraction and a high activity of the wall bound fractions as compared to old leaves. One could also distinguish to some extent "'juvenile'" from "mature" isoperoxidases, as in tobacco. Mechanical injury most enhanced the "juvenile" isoform, moving it to the wall ionically bound fraction, and also a minor cathodic isoenzyme remaining mainly in the protoplast. The mode of enhancement of these isoforms in the cell may perhaps be different. C2H4 affected the "'juvenile," "mature," and some of the minor anodic isoperoxidases. Thus, its effect seems to be less specific than that of injury. However, both injury and C2H4 had their greatest effect in young leaves. A similar age-dependent response to injury was observed in tobacco leaves and a similar response to C2H4 was found in pea internodes (13) . C2H4 increased the wall covalently bound fraction to a much greater extent than did injury. Neither injury nor the hormone affected isoperoxidases which seem to be characteristic only of this fraction, unless they are artifacts of the analytic procedure. Although the isoperoxidases were quite distinctive in their distribution between the protoplast and cell wall fractions, any speculation as to their possible role in the walls or protoplast cannot be substantiated by the data obtained. The significant increase in the vacuolar peroxidase in injured and/or C2H4-treated tissues indicates an important elimination (temporary?) of the enzyme from metabolic processes in the cytoplasm.
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